A b s t r a c t Information systems are increasingly important for measuring and improving health care quality. A number of integrated health care delivery systems use advanced information systems and integrated decision support to carry out quality assurance activities, but none as large as the Veterans Health Administration (VHA). The VHA's Quality Enhancement Research Initiative (QUERI) is a large-scale, multidisciplinary quality improvement initiative designed to ensure excellence in all areas where VHA provides health care services, including inpatient, outpatient, and long-term care settings. In this paper, we describe the role of information systems in the VHA QUERI process, highlight the major information systems critical to this quality improvement process, and discuss issues associated with the use of these systems. Information systems are increasingly important for measuring and improving health care quality. A number of integrated health care delivery systems use advanced information systems and integrated decision support to carry out quality assurance activities, of which the Veterans Health Administration (VHA) may be the largest.
Information systems are increasingly important for measuring and improving health care quality. A number of integrated health care delivery systems use advanced information systems and integrated decision support to carry out quality assurance activities, of which the Veterans Health Administration (VHA) may be the largest.
The Institute of Medicine report Crossing the Quality Chasm noted that scientific evidence about best care is not applied systematically or expeditiously in clinical practice. It is estimated that an average of 17 years is necessary for new knowledge generated by randomized, controlled trials to be incorporated into clinical practice. 1, 2 The gap between scientific evidence and clinical practice can be bridged only by influencing clinician behavior to translate research findings into routine clinical practice. 3, 4 Information technology can facilitate the translation of research findings into practice. The 2001 President's Information Technology Advisory Committee in its report ''Transforming Health Care Through Information Technology'' noted that information technology ''offers the potential to expand access to health care significantly, to improve its quality, to reduce its costs, and to transform the conduct of biomedical research.'' 5 The future of a cost-effective, evidence-based clinical care system is dependent on significant investment in information technology that will support clinical research and strengthen clinical practice.
Investment in information technology is key to the VHA Quality Enhancement Research Initiative (QUERI) and is the focus of this overview paper. The development and use of information technology for VHA QUERI can be characterized as what Berg 6 described as a ''socio-technical'' approach that incorporates organizational factors in a process involving iterative technical design in response to organizational input and explicit attention to the political context of technology implementation. As has been described by Demakis and McQueen and their colleagues, the VHA QUERI utilizes methodologies for translation research with an emphasis on organizational structures and process considerations. 7, 8 It includes a variety of coordinated and specifically targeted efforts to integrate information technology into the context of health care. Each QUERI coordinating center works with the existing information technology and organizational context to achieve their goals but may also create new information technology to meet their needs. In this paper, we describe the role of information technology in the VHA QUERI process. We highlight the major information systems critical to this quality improvement process and discuss ongoing issues.
VHA's Quality Enhancement Strategy and Information Technology
As described in the overview manuscript by McQueen and colleagues, 8 the VHA QUERI approach comprises an iterative series of steps aimed at achieving and maintaining continuous quality improvement in specific chronic disease areas. Throughout these steps, information technology plays a critical role. Figure 1 depicts the information technology needs at each step in the QUERI process. During the initial steps (steps 1-3), activities focus on identifying extant data and need for new data collection to describe and analyze the Department of Veterans Affairs (VA) health care practices and performance. QUERI coordinators need to ascertain the reliability, sensitivity, and completeness of extant databases and anticipate future data needs for their target patient conditions. Component methods for identifying patients include case findings and screening algorithms. This process may include the use of existing clinical or administrative data or may require new data collection, for example, through patient or provider surveys. Development, expansion, or improvement of existing patient registries and cohort databases may be needed and may include primary identification/enrollment of patients and informatics innovations.
As the QUERI process progresses to implementation and evaluation (steps 4-6), each registry or cohort database system must be evaluated and validated for completeness, accuracy, and utility for specific routine uses. Enhancements to the information architecture necessary to create standardized data and support quality improvement must also be considered. For example, QUERI coordinators might consider the extent to which feedback reports at the clinician or clinic level will be needed, how the utility of feedback reports might be evaluated, and whether specific clinical procedures need to be reviewed in real time or retrospectively. Linkages with other information systems (e.g., inpatient and long-term care facility data) or linkages of different types of data (e.g., patient prescriptions, laboratory test results) need to be considered. Since the clinical quality improvement process focuses on patient outcomes, there must be linkages with clinical and satisfaction outcomes at multiple levels (e.g., provider, clinical unit, hospital, region). These linkages may require additional data collection to fill outcome measurement gaps.
In addition, information technology may serve as an intervention component to improve a performance gap. The interventional use of information technology might require access to patient medical record data, organizational data, and clinical decision support tools. The QUERI teams must consider best approaches to ensure that the information technology system and the health care providers can work well together to meet point of care needs while moving toward quality improvement goals.
The VHA information technology architecture provides a core of resources and linkages for this quality improvement effort. The next section provides an overview of the key clinical and health care event information systems used by QUERI.
VHA Clinical Information Systems
The VHA clinical information system, begun in 1982 as the Decentralized Hospital Computer Program (DHCP) and now known as VistA (Veterans Health Information Systems and Technology Architecture), was developed internally to meet the VHA's unique needs. VistA has evolved into a very rich health care information system 9,10 that provides the information technology framework for VHA's approximately 1,300 sites of care, including medical centers, outpatient clinics, and nursing homes.
11 It also provides the central information technology infrastructure for VHA's QUERI.
VistA supports day-to-day operations at local VA health care facilities, with the primary focus on direct patient care. VistA provides the source data for many other administrative, financial, and workload databases available through local hospital information systems and databases maintained at other locations, including the National Patient Care Database and the Decision Support System and their associated SASÒ extracts 12 (SASÒ is a registered trademark of SAS Institute Inc., Cary, NC). VistA also includes clinical, administrative/financial, and infrastructure-related data that are not available in other VHA information systems 9, 13 F i g u r e 1. Information technology needs at each step in the QUERI process.
( Table 1 ). These process-related data are key to the QUERI initiative in ascertaining impacts and interactions between clinical outcomes and process factors, such as staffing patterns, volume of care, and appointment delays.
VistA is built on a client-server architecture that ties together workstations and personal computers with nationally mandated and locally adapted software accessed through a graphical user interface (GUI) at VHA facilities. One aspect of VistA that has served the QUERI well is its ability to incorporate, within the national VistA software suite, locally developed software tools to test and collect unique data. For example, the Spinal Cord Injury and Disorders (SCI&D) QUERI team augmented the local VistA software suite at two facilities to collect information specific to influenza vaccination of patients with SCI.
14 VistA also includes links that allow the incorporation of commercial off-the-shelf products.
VistA comprises more than 100 applications (e.g., pharmacy, radiology, nursing, laboratory) ( Table 2 ) that clinicians access via the Computerized Patient Record System (CPRS) GUI to pull all the clinical information together from the underlying, facility-based, M programming environment and database (formerly known as the Massachusetts General Hospital Utility Multiprogramming System or MUMPS). CPRS provides a single interface for health care providers to review and update a patient's medical record as well as to place orders for various services including medications, special procedures, x-rays, patient care nursing orders, diets, laboratory tests, and consults. CPRS is flexible enough to be used in a wide variety of settings by a broad spectrum of health care workers and provides a consistent, event-driven, windowsstyle interface. More than 100,000 VA health care providers nationwide currently use CPRS. At the many VA medical centers now using the computer system exclusively, providers rarely need a paper medical chart.
CPRS organizes and presents all relevant data on a patient in a way that directly supports clinical decision making. The comprehensive cover sheet displays timely, patient-centric information, including active problems, allergies, current medications, recent laboratory results, vital signs, hospitalization, and outpatient clinic history. This information is displayed immediately when a patient is selected and provides an accurate overview of the patient's current status before any clinical interventions are ordered.
CPRS capabilities include
d A real-time order checking system that alerts clinicians during the ordering session that a possible problem could exist if the order is processed; d A notification system that alerts clinicians about clinically significant events; d A patient posting system, displayed on every CPRS screen, that alerts clinicians to issues related specifically to the Procedures application now under development will be used to transfer the completed reports to VistA so they can be viewed via CPRS and VistA Imaging. Clinical Procedures will also establish complex interfaces with these products to capture, where feasible, the discrete data within many test results (e.g., ejection fractions measured during cardiac catheterization).
A new dimension of VistA, the Health Data Repositories (HDR), will support a full electronic patient medical record, integrating clinical data from all VHA sites of care. In addition, the HDR will be able to receive data electronically from other health care entities such as the U.S. Department of Defense, private health care, and any reference facilities (such as specialty laboratories). All data in the HDR will be fully encoded. Data warehouses and data marts will be created using data extracted from the HDR. The development team includes VA research scientists to ensure that the HDR will be able to facilitate medical research. Another limitation of VistA is that some text data, such as patient history and physical information and discharge notes, are extractable only as narrative text, and require subsequent formatting/coding to enable analysis (Table 3) . Also, some data may not be coded consistently across all sites, although this situation is improving. For example, laboratory tests may be coded differently (single versus panels) and reported in different units (mg/dL versus positive or negative or percentage). Knowledge of the specific standards used and the possible data values is required for accurate interpretation of the data.
The Health Data and Informatics Program of the VHA's Office of Information promotes VistA data quality, fostering best practices for ensuring uniformity of policy and practice. Evidence of the validity or reliability observed in VistA data has been described previously. 13 Several recent articles focus specifically on the completeness and accuracy of particular elements of VistA data. [15] [16] [17] 
National Database Systems
VistA provides the source data for several VA national aggregate databases and registries. These national datasets are populated through systematic transmissions of data from all VistA systems across the country and provide key resources for national-level evaluation of health care quality improvement efforts. Below, we highlight some of the key national databases used in QUERI.
National Patient Care Database SASÒ System Files: Inpatient and Outpatient Datasets
The VHA's National Patient Care Database (NPCD) system was designed to consolidate legacy data systems into one national reporting system based at the VA Austin Automation Center. Since 1996, full diagnostic and procedural data for outpatients have been extracted from the local facilitiesÕ VistA systems and transmitted to the Austin Center where they are translated directly into the NPCD system using an Oracleä relational database. Data marts and SASÒ datasets 12, 18, 19 are then created from the NPCD. The NPCD inpatient and outpatient SASÒ datasets provide patient-level data on health care use across all VA points of care. The inpatient datasets, also known as the patient treatment files, include patient demographics, diagnoses, and admission and discharge dates, as well as a number of VA-specific variables (e.g., Prisoner of War status, means test category). The outpatient SASÒ datasets, also referred to as the outpatient clinic datasets, include patient demographics, visit dates, and information on the number and types of clinic stops made by the patient. The outpatient SASÒ datasets generated are visit (SF), event (SE), procedure (SC), and diagnoses (SG). They are linkable through use of a common identifier.
The quality improvement use of NPCD datasets has focused on identifying specific cohorts of patients who may benefit from quality improvement efforts and ongoing evaluation efforts. The datasets provide clinical detail for each discharge or ambulatory encounter 20 and details on patientsÕ health care use by the different types of providers in VHA. The information can be linked with other VHA patient-level data systems and across years to generate episodes of care for individual patients. These NPCD datasets provide information across all of the VHA, an advantage over using data from only one local hospital's VistA system since veterans often use VHA resources in more than one location.
Decision Support System (DSS)
The DSS brings together VHA clinical, resource use, and financial data at each VA facility. The DSS integrates data from existing VA clinical and administrative data systems, providing information about patientsÕ episodes of care and the resources used. Each facility's DSS data are stored on computer systems at VA's Austin Automation Center, and the Center also provides national SASÒ extracts of DSS data. The national clinical DSS datasets are particularly useful for QUERI because of the wealth of patient-level clinical data that are not available in any other VHA national dataset. Four clinical DSS extracts became available in FY 2002: (1) outpatient laboratory event file (Fact of Lab), (2) outpatient radiology event file (Fact of Radiology), (3) laboratory results file, and (4) outpatient prescription event file (Pharmacy). These datasets include diagnostic coding, provider information, and cost information that are linkable with other VHA data. The DSS holds great promise for quality improvement evaluation efforts because it provides a mechanism for systematic review of treatment patterns and resource use at the encounter, patient, provider, department, or hospital level. For example, ordering of specific screening tests such as prostate-specific antigen assay or mammography can be tracked over time. Trends in ordering at the physician, department, and hospital level can be reported. The DSS can be used to track compliance with specific standards of clinical care. For example, the DSS can be used to evaluate whether patients with a diagnosis of diabetes mellitus have had their blood glucose levels and glycosylated hemoglobin (Hb A1c) levels monitored during the year. Involvement of clinical administrative and research personnel in the ongoing DSS implementation and improvement process should ensure clinical relevance of data elements and processes. Plans underway to use the DSS to create new financial and clinical data marts will make these data even more useful to evaluate quality improvements at multiple levels.
In summary these national data systems provide key resources to the quality improvement initiatives underway in the VHA.
Linking Research Tools and Developments with Clinical Operations and Policy
The QUERI efforts have enhanced or expanded several existing VHA information technology resources by developing entirely new databases and informatics tools, validating and refining existing databases, and analyzing and interpreting their contents. As shown in Table 4 , each of the QUERI programs has developed unique databases to support identification of performance gaps. The resulting databases and informatics tools and findings have proven to be extremely valuable for QUERI and its stakeholders in their quality measurement and quality improvement activities.
QUERI's development of information technology tools is an important component of (and contributor to) VHA's overall informatics strategy and exemplifies the socio-technical approach. The resulting databases and data elements and information technology tools provide valuable information for patient care, quality improvement, research, and management decisions, including high-level policy formulation and resource allocation. An example from the Ischemic Heart Disease (IHD) QUERI's experience can illustrate this point. When the IHD QUERI team proposed to develop a national clinical reminder for lipid level management, it quickly became clear that the then-existing formal protocols and procedures for clinical reminder development were incomplete. Relationships between the VHA information technology offices and the clinical practice guideline development offices required realignment. This organizational realignment resulted in formal links and collaborations between QUERI, the VHA's Office of Quality and Performance, and the National Clinical Practice Guidelines Council, leading to formalized, well-documented processes for developing, testing, and implementing national clinical reminders in the clinical information system. The combined efforts and productive collaboration of the Office of Information, IHD QUERI, VA Information Resource Center, and the Guidelines Council led to the development of efficient, well-documented policies whereby the Council now champions the development of national clinical reminders. The Council also has led development of the electronic medical record and associated databases that will make guidelines and clinical data readily available for clinical management and system-wide performance evaluation.
Another example is described in the paper by Goldstein et al. 21 The authors describe the integration of the new clinical decision support software ATHENA DSS in VA primary care clinics for the management of hypertension. They describe both the technical features of the implementation developed in an iterative process responding to organizational input and the interrelated process of attending to the organizational context by obtaining and maintaining endorsement of the project by the administrative and clinical leadership of the organization.
Integration of clinical needs and technology capacity is a dynamic and ongoing process. QUERI efforts and resources are expected to integrate with other VHA activities to ensure broad applicability with VHA's efforts to implement best practices. Databases and informatics provide tools to inform best practices and improve care of veterans, but integration is needed for this information to be used efficiently by practitioners, managers, quality officers, administrators, and others. Mechanisms are also needed for reporting and feedback.
Standards and processes for information system development are still evolving. QUERI centers are collecting information and storing it in a variety of ways. For example, Mental Health and IHD QUERI teams are using the clinical reminder software initiatives that include transmission of HL7 messages to Austin, with data then stored in SASÒ files. A transition to a more efficient, flexible approach to quality measurement and analysis (such as storing data in a database for multidimensional analysis) is also desirable to facilitate additional analyses and data mining.
In conclusion, the health care quality improvements underway in the VHA rely in large part on the data and information systems that bring the essential quality measures and decision points to the relevant stakeholders. Point of care systems must be linked with national summary systems to use the data and information at different levels and steps in the quality improvement process. The challenges that the VHA faces in undertaking QUERI are not unlike other large-and smallscale health care quality improvement efforts. By describing the VHA's quality improvement efforts and the role of information technology in this dynamic process, we hope to share lessons that are applicable to other public and private sector health care systems undertaking similar programs aimed at improving the quality of health care for their patients.
